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TECHNICAL NOTE NO, 1hok

COLLECTION OF TEST DATA FOR IATERAL CONTROL
WITH FULL-SPAN FLAFPS

By Jack Fischel and Maxrgaret Fo Ivey

SUMMARY

A collectlion of the available test data on lateral control with
full-span flaps 1s presented. Iateral—control effectivensss and hinge—
moment date obtained from two-dimensional, three~dimensional, and
£flight tests are presented in the form of figures and the date include
the charactexristics of spoiler devices and ailerons with retractable
flaps. The basic data presented on the various flap and aileron
cambinations should facilitate the design of full—span—{lap lateral—
control arrangements. A discussion is given of the characteristics of
the lateral-~control devices considered and of the application of the
dete. to specific airplane design.

INTRODUCTION

One of the problems arising fram the increased speed and wing
loading of modern airplanes is the difficulty of obtaining high lifte
for landing and take—off without impelring lateral control., If
conventional aileron arrvangements are used to satisly the lateral-control
requirements, the flap span is necessarily limited and the problem of
obtalning the 1lift reguired for take—off or landing becames quite
importent. When full-span flaps are used to obtain the desired 1lift
goefficient for the airplane, the designer is faced with the problem of
including and properly locating a lateral-control device on the airplane
which will be effective in all flight configurations and have charac—
teristics that will not be deleterious or objectionable,

The purpose of the present paper is to give the most pertinent
part of the experimental data on the characteristics of lateral-control
devices for use with full-span or almost full-span flaps., The data are,
necessarily, greatly condensed and same data have been given in a form
different from the original source. Additional information on any
particular model may be obtalned from the references. (See refersnces 1
to 25 and table I.) '

Data on conventional balanced ailerons have been reported previously

in reference 26, and a collection of fairly large—chord control-—surface
data has been given in reference 27,
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CLASSIFICATION OF DATA

The date asre divided into sections as follows:

A Slot-lip and flap-treiling—edge allerons

B Spoilen-type ailerons other than slot—lip allerons
C Allerons with retractable flaps

The lateral-control arrangements for which date are presented may be
consldered to conslst essentially of only two types — allerons located

at the wing trailing edge (conventional ailerons) and devices located
forward of the trailing edge (camonly referred to as "spoiler ailerons") —
but the division of the data into the three aforementioned groups has been
made for convenience of presentation and is purely arbltrary.

In almost all instances, the aileron designation glven to the
lateral~control device in the reference paper has been used herein, The
flap-trailing—-edge ailerons of group A therefore are usually termed
plain allerons (regardless of balance) in the figures and in the text.
The designation conventional, ordinary, or standard aileron employed in
the figures of groups B and C and in the text refers to the more
conventional arrangements in use today of an alleron on the wing trailing
edge. This aileron usually spans the outboard part of the wing.

Much of the date presented in group C was obtained on models
equipped with duplex flap arrengements (two separate flaps) and since
the outboard flap of such arrangements would usually retract 1lnto the
airfoll contour ahead of the aileron for the flaps—wup configuration,

the date are representative of retractable-flap eileron arrengements
and mey be applied in the design of such arrangements.

SYMBOLS

C1, 15£t coefficient

Cmr /i pitching-mament coefficient about quarter chord of wing

&mc /h increment of pltching-mament coefficient about quarter chord

of wing
Ly increment of dreg coefficient
C,* rolling-mament coefficient about axis in plane of symmetry

ol cauplete model or airplane, referred to wind axes
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yawing-moment coefflcient about axis in plane oflsymmetry of
complete model or airplene, referred to wind axes

hinge-moment coefficient

Cy = "‘EL‘1§ for plain and slot-lip allerons and plate
~ 9oPeTp
spollers

Cp = ’Eﬁ for plug ailerons where M 1is aree moment of top

edge about hinge line

Ch = ——dw for retractable eilerons

9oBnthg
where
R, mean radius of retractable alleron, feet
t thickness of retractable aileron, feet

by span of retractable alleron, feetl

rate of change of rolling-moment coefficiemt Cy'
with helix angle pb/2V

section lift coefficient.
increment of section Lift coefficlent
increment of section profile—drag coefficlent

section pltching-moment coefficilent about guarter chord of
airfoil

section hinge~moment coefficient

. h
op = —2— for plain end slot-lip ailerons
%oCe
Ch = b for retrectable allerons
pressure coefficlent <;ﬂ;:;539
%

pressure coefficient (1 — P)
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wing chord; also used with subscripts to denote camponents
of wing
chord. of & control surface reaxwaxd of the hinge axis

wing span; also used with subscripts to denote camponents of
wing

angle of atltack, degrees

section angle of attack, degrees

effective change in angle of attack, degrees

deflection, degrees

angle of roll, degrees

alleron effectiveness factor, effective change in angle of
attack of wing—eileron section per unit aileron deflection
(La/05)

aspect ratio

ratio of tip chord to root chord

distance fram plene of gymmetry to inboard end of flap or
lateral—control device, feet

distance fram plans of symmetry to outboard end of flap ok
lateral—conirol device, feet

free—stream dynamic pressure, pounds per square foot

static pressure at a point on the airfoll, pounds per square
foot

free-ctream statlc pressure, pounds per square foot

true airspeed, feet per second

service indlcated airspeed, miles per hour

local velocity, feet per second
rolling angular velocity, radlans per second
yewing angular velocity, radiens per second

helix angle generated by wing tip in a roll, radians

]

™
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H

hinge mament of a control surface ebout hinge axis, foot
" pounds

section hinge moment of a control surface, foot pounds.

stlck forgce, pounds
wheel force, pounds

Mach number
Reynolds mmber
distance fram leading edge of wing to protruding edge of

flat~plate spoller—type allerons or to chordwise position
of emergence fram wing of retractable and plug allerons

Subscripts:

a elleron

T flap

:E'l inboaxd Tlap

fo outboard flap

w wing

sl slot lip

sp spoiler

P plain, plug, or plate

stick

maximum

Supplementary information and the test conditions for models and

alrplanes ave given in table I, This table also gives published
references and serves as an index to the resulis presented, because the
model or airplane designation is glven in the first column of the table
and. in the upper right-hand corner of each page of model drawings or
test results.
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CORRECTTONS .

The larger pert of the data was plotted as taken from the source »
and the plotting scale for the date is necessarily nonuniform. The
data obtained on models A~V end A-VI, B-VII, B-VIII, B-IX, BXI, and
B-XIT, and C-IIT were corrected for Jet—-boundaxry effects according to
the methods outlined in reference 28 and were plotted as corrected.

A reduction of approximately 10 percent in the rolling-mament coeffi—
clents of model B—XV was estimated but not applied. Corrections to
the data of model C—IV and C—V are unknown because of the uncertainty
of end—plate effects. It is not known whether corrections were made
to the data of model B-X. Some of the hinge-mament data was given'in
inch—pounds 1in the references but wes reduced to coefficient form for
the present paper.

DISCUSSION

All the lstersl-control arrangements for which data are presented .
herein conslst of elther a conventional flap-type alleron, some device -
of the spoiler type, or & combination of both. (See table I and  «
figs. Al to A33, Bl to B133, end Cl to Ch9,) The charecteristics of
flep~type allerons with flaps retracted, such as the flap-tralling-edge - -
(plain) ailerons of group A and the allerons of group C, were identical .
with the alleron characteristics of conventlonal arrangements and have
been summerized previously (references 26 and 29). With full-span
flaps deflected the characteristics of these allerons differed fram the
characteristics of the ailerons in the flap-retracted condition and are
discussed herein in the sections entitled "Slot-Iip and Flap-Trailling-

Edge Ailerons" and “Ailerons with Retracteble-Type Flaps".

Lateral—control devices located forward of the wing trailing edge
are generally temmed "spoilers" or "spoller ailerons”, There are four
main types of spoller ailerons — the retractable alleron, which
consists of a clrcular-arc spoiler that usually emerges only from the
upper surface of the wing; the plug alleron, which fite into a slot In
the wing when in the neutral position and leaves thls slot open when
deflected upwerd; the hinged-flap-type spoiler zileron or upper-—surface
aileron, which lies along and forms pert of the wing contour when in
the neutral position; and the slot—llp alleron, which also lies along
and forms part of the wing contour when in the neutral position and
which has a fixed wing slot behind it.

Al

Almost all spoller—type devices have certain cammon characterlstics
that eve dependent on the wing, aileron, and flap configuration. When
gpoilers were located near thé wing leading edge, thelr effectiveness ~
was roughly proportional to the 1ift coefficient; large rolling moments .
were provided at large angles of attack. As these devices were moved
toward the wing trailing edge, the effectiveness became more nsarly
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independent of lift coefficient (remained almost constent or increased
slightly at small angles of attack and decreased at large angles of
attack) and became more nearly linear with respect to spoiler proJjection
(figs. A7 to AlO, A26, A27, and B18 to B20 and references 2, 8, and 30).
Data obtained from both wind—turnel amd. flight tests &t low values of

Mach and Reynolds numbers indicated that small spoiler deflections or
projections (of the order of 0.0lc or less) generally hed little or

no effect in producing roll when the wing was not slotted in the spoiler
vicinity (figs. A12, B12 to Bl4, B32 to B39, Bil to B50, B9S, BllT, B118,
and B123)., Slotting the wing from the lower to the upper surfaces to .
the rear of the spoiler improved the rolling effectiveness, particularly '
at large angles of attack (figs. B4l to B4Y7 and BYS and reference 10),
and the linearity with respect to projection (fig. B9S) with flaps
retracted or deflected. OSpoiler controls, especlally those located far
forward on the wing, were quite effective in the low—speed-flight range \
near and slightly beyond the stall, because of their pronounced effect .

in reducing 1ift or reduoing the effective angle of attack over the i
wing section affected by thelr action. :

Tests of spoiler ailerons at various chordwise locations indicated
a perceptible time lag in the rolling response for forward spoiler
locations and this time lag decreased as the spoiler was moved rearward,
Slotting the wing belhind the spoiler further reduccd the lag in the
response of the airplane to control deflection. At spoller locatlons
to the rear of about 0.60c, this time lag beccmes imperceptible to
pilots and hence unobJectionable at low and moderate values of Mach
end Reynolds numbers (figs. B27, B28, B80, B82, B100, Bl12, Bll3, and
Blihk, and references 2, 9, 14, 16, and 30). (The first part of the
curve of the time—response figs. B27 and B28 is indicative of the lag
whereas the last part of the curxve is indicative of the steady state of
roll,) In high-epeed flight, time lag may not be noticeaeble for
forward spollexr locations and the use of forward locatlons would provide
increased alleron effectiveness; however, the possibility exists for
reversal of effectiveness for small spoller proJections.

Spoilers provide less piitching moment than conventional ailerons !
(figs. BT, B10, Blk, B19, B20, and B69 and reference 31) and hence would |
be expected to produce lower wing stresses and to have hlgher reversal
gpeeds. In addition, spollers provide favorable yawing moments over
most of the flight range, except possibly at high angles of attack or
1ift, where the adverse yaw produced is less than that obtalned with
conventional ailerons.

e i e

The hinge-moment characteristics of spoilers are very unusual over
the spoller deflection range and require speclal treatment to provide
acceptable control forces.

Since spoiler control is obtalned through & loss of 1ift on one
wing whereas almost no effect is produced on the other wing, same
difficulty may be encountered in raiocing a wing that had dropped.
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This problem 1s not serious, however, since the axis of rotation with
spoiler control is seldom farther outboard than 0.20% from the plane

of symuetry.

Slot-Lip and Flap-Trailing-Edge Ailerons

The test condlitions and the results of tests conducted on models
and airplanes equipped with slot—lip and flap—tralling—-edge ailerons
and full-span flaps are given in table I-A and in figures Al to A33.
Data obtalned in two-dimensionel wind—tummel tests are shown in
flgures Al to A5, three~dimensional wind-tummel test data are shown in
figures A6 to A25, and flight data are presented in figures A26 to A33.

Slot~lip ailerons.— Both wind—tumnel and flight tests of slot-lip
ailerons at varlious chordwlse positions have indicated thalt the moat
satisfactory position of the slot—~lip alleron, from both aerodynamic
and structural considerations, 1s between 0.7¢ and 0.8¢c. When slot-lip
ailerons are used in conjJunction with a slotted flap, a convenlent
arrengement having satisfactory characteristics consists of & slot-lip ]
alleron located on the lip of the wing slot, ahead of the flap. Because :
of the physical impossibility of obtailning positive alleron deflections
in thils position wlth the flaps retracted, & high differential stick
linkage (probably a cam) would be required in the control system.

Wind—tunnel and flight data slso lndicate that the effectlivensss
of slot-lip allerons (figs. Al to A33) increases wlth slotted—flap
deflection and that these allerons are very effective at large Tlap
deflections; however, the ailerons are not very effective In the flaps—
up condition, The data generally indicate a sharp increase in alleron
effectiveness for small and moderste aileron deflections (flaps
deflected) with a decreasing increment in effectivensss at larger
deflections.

The hinge moments produced by slot-lip ailerons indicate an
opening tendency of the alleron near neutral which, coupled with the
large differential required, may cause overbalance of the controls.
In the flight tests of slot-lip allerons on a fighter—type alrplane
(figs. A28 to A33 and reference 5), a spring was introduced into the
lateral—control system to counteract the overbalancing tendency of
the ailerons. In general, if such adverse hinge-moment effects are
encountered, balancing of the control surface or modification of the ¥
control linkage probably would result in satlsfactory slot—lip-eileron
control forces in all flight conditions. If slot-1ip ailerons are
used on extremely large alrplanes, some aesrodynamic balance would be
required to reduce the large hinge moments at the large aileron .
deflections. B

™

r

Flap~trailing-edge ailerons.— When flap~trailing-edge (plain)
ailerons were tested in the presence of full-span slotted flaps, the
allerons were necessarily only sbout 0.10c because of structural
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considerations and had large spans in order to provide adequate :
effectiveness (figs. Al to A33). In the flap-retracted position, the
aileron is a narrow—chord long—spen alleron. (See reference 26.) In
flap~down operation, the alleron effectiveness decreased in the positive
alleron—deflection range and generally increased slightly in the
negative alleron—deflection range as the flap deflection increased
(figs. A3, A5, AlL, and A21). A change in the control linkage to
provide a greater negative and smaller positive alleron deflection,
and probably a greater total alleron deflection, therefore would be
desirable to provide adequate lateral control for flap—-down operation,
if equal up and down defliections were used with flaps up.

The plain ailerons, flaps down, have about the same value for the
rate of change of hings-mament coefficient with alleron deflection as

the aillerons with flaps retracted. Plain allsrons also have an upfloating

tendency at alleron neutral, flaps deflected. This upfloating tendency,
coupled with the differential required for good control, will help to
reduce the stlck forces but may cause overbalance if the dlfferential
for flaps down is too severe. The adverse yawling maments produced by
aileron deflection, flaps deflected, were larger than those produced by
other lateral controls.

Slot—1ip and flap—trailing—edge alleron cambination.— The charac—
teristics exhibited by slo‘y-li:p and plain ailerons when each is used
alone indicate that a lateral-control system congisting of both types of
aileron - that is, plain allerons for flaps-up operation, slot-lip
allerons for flasps-down operation — combines the best qualities of each
type. This arrengement requires a mechanism that provides for changing
from plain-aileron to slot—lip-alleron operation while extending the
flap. Flight teasts of such an installation on,a Tfighter-type ailrplane
indicated the adequacy of control provided by this arrangement, particu~
larly in the low-speecd range (figs. A28 to A33), and also indicated

. that some balancing of the ailerons 1s necessaxy to provide satisfactory
stick—~force characteristics over the complete fllght range.

Spoiler-Type Adlerons Other Than Slot~Lip Allerons

Supplementary information and smme of the results of various
investigations on models equipped with spoller—type aillerons are given
in table I-B and in figures Bl to B133, respectively. Two-dimensional
wind-tunnel test data, three-dimensional wind—~tunnel test data, and

. flight data are presented in figures Bl to Blk, B15 to B78, and BT9

to B133, respectively. Because data were not obtained at small aileron
projections in the investigations of models B-II and B-VI, the curves
for &c; and Cy, respectively, of these models have been faired with

dashed lines for these small projections to indicate the probable
veriations of lc, and C; with projection. These date have been

faired thus on the basis of data obtained at omall projections in other
investipgations of similar laberal-control devices.
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The spoller-aileron usuvally projects ebove one wing and remalns
within the airfoil contour or projects slightly below the lower contour
on the other wing when the control stick 1s displaced laterslly. When
spollers and conventional ailerons are compared, the fact that the

spoller effectiveness on one wing is camparable to the alleron effective— .

ness on both wings should therefore be considered. Tor a glven rolling
performence the span of the spoiler must therefore be larger than that
of a conventional alileron.

Although, as previously indicated, spoliler projJections of the
order of 0.0lc or less produced little or no rolling moment at low
Reynolds and Mach numbers, the effectliveness of spoller controls located
at approximately O.6¢c or 0.7¢ usually increased rapldly for projections
between 0.02¢ and 0.0Tc and increased less rapidly for larger proJectlons.
Spoller date obtained on a low—drag wing at low 1ift coefficlents
indicated that an increased rolling mament was provided over the entire
projection range and small spoiler projections became more effective
as the Mach mmber increased until shock was obtained (figs. B68 and B69
and reference 13).

Retractable ailerons and hinged—plate~type spoliler ailerons located

to the rear of approximately 0.50c were quite effectlve in the low angle—

of—attack range, flaps up, but their effectiveness generally decreased at
large angles of attack, probably as a result of flow separatlon shead of
the spoilers (fig. Bl4). As previously indicated, slotting the wing
behind the spoilers (thus changing the retracthble aileron to a plug—
type aileron or ventilating the hinged~flap spoller) improved the
effectivensss in the high angle—of-attack range with {laps up (figs. Bhh
to B4T and B95 and reference 10). Spoiler allerons generally were more
effective with flaps down then in the flap—retracted condition and
exhibited a greater effectiveness with slotted flaps than with split
flaps (figs. BLE and BY9).

The hinge-moment characteristics of spoller-allerons generally
tend to be samewhat exrratlic and quite wnusual; that ls, apprecilable
moments are provided by the plug—type and hinged-plate—type spoller
ailerons (fige. B30, B76, and B1l0l) end little or no maments are provided
by a thin retractable alleron hinged at the center of the spoiler arc
(figs. Blk, B130, B131l, and B133 and references 15 and 16). An
appreciable amount of control over the hinge moments, to provide
acceptable control forces, can be obtained, however, by such spoiler
modifications as varying the thickness of the retractable aileron or
ingtalling & plate (hinged or stationary) on top of and normal to the
gpoiler axc (figs. B33 and Blth to B50), venting or beveling the spoller
(figs. B12 to Blh, B57 to B59, and B96), end providing other aero—
dynamic balance (figs. B110 and B118)., With elther the hinged plate,
the plug, or the thick retractable spoiler ailerons, opening moments
were encountered near neutral — an effect produced by the negative
pressure existing over the upper surface of the wing (figs. BG5S and B66).
This condition micht be corrected by slotting, venting, or otherwise
modifying the spoiler. Control "peel" of the type nomally associated

™
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with conventional lateral-control surfaces has also been provided by
including & short-span conventional aileron, in addition to the spoiler

device, in the lateral~control system (figs. B70 to B73 and B12k to

B133).

Allerons with Retractable-Type Flaps

The resulis of tests and the test conditions of models and
alrplenes with allerons in the presence of retractable—type flaps
are given in figures Cl to CL9 and in table I~C. Three~dimensional
wind—tunnel data are presented in figures C1l to CL6 and flight date
are presented in figures CLT to CL9, .

When ailerons in the presence of retractable—type fleps were
used with duplex flap arrangements, the aileron characteristics obtained
with the partial-span inboard flap deflected indicate a slight increase
in rolling effectiveness for negative aileron deflections campared with
that obtained with flap retracted and an inorease in the variation of
hinge-mament coefficient with aileron deflection (figs. €8, C9, Cl1i,
and. C24). Because of the low speed in this attitude, the stick forces
should not be critical.

The characteristics of allerons in the presence of flaps spaming
the same part of the wing as the allerons are affected by the positions
and deflections of thege flaps and also by the contour of the flap,
Wind—tunnel investigations indicated that deflecting a plain split flsp
in front of an aileron had a blanketing effect on the aileron and
resulted In & decrease in rolling effectiveness as well as a decrease
in the adverse yaw and the hinge moments (figs. C3 to C1ll and C30 to C3k4).
Various tests of balanced split or retractable—~type flaps shead of
ailerons showed that this loss in rolling effectiveness decreased when
the flap was moved downward away fram the wing contour, and also
rearwerd, so as to avoid camplete blanketing of the aileron (figs. C15,
C22 to €29, and CA7 to C49). In general, however, the rolling
effectivensss obtained with the outboard flap deflected and located
forward of the alleron hinge line was less than that obtained with the
flap retracted (figs. C23 and C27).

Locating the flap to the rear of the aileron hinge line and
several percent chord below the wing contour increased the effective—
ness abové that obtained in the flap retracted condition; and the
effectiveness of the upgoing aileyon was particularly good when the flap
wag located near and slightly below the alleron treiling edge (figs. ClL,
C2, and C22 to C29)., When the flap is located rearward of the aileron
hinge line and in close proXimity to the alleron, the positive alleron
deflections should be restricted hecause of the deleterious effects
(sudden loss in effectiveness and reversal of hinge-mament slope)
obtained. (See reference 22.) This decreased deflection is compensated
for in part by the increased effectlveness of the upgoing aileron
(figs. C2h and C29 end reference 22). When the flap wes moved rearward
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and deflected, the lift characteristics improved considerably -
(references 21 and 22), particularly when the configuration of model -
C—VIII had the flap at the wing trailing edge. An indication of the

flap loads on the outboard flap at variocus flap positions and .
deflections and at various alleron deflections 1s given in the pressure—
distribution data obtained on model C-V (figs. Cl6 to C18),

When the flap was located and deflected forward of the alleron
hinge and pertly blanketed the alleron, the alleron hinge maments
indicatéd a down—floating tendency (figs. C8 to Cl1, Cl15, and C21),
and this down-fioating tendency decreased and became an up~floating
tendency as the flap moved rearward (fig. C24 and references 21 and 22).
The hinge-mament-coefficlent deflection slope generally increased
negatively with lncreased aileron effectivensss, flaps down, and
particularly for positive alleron deflectlions,

The adverse yawing effect usually produced by conventlonal alleron
arrangements was also evident when a flap was employed over the same span
ag the alleron. This adverse yaw wag appreclable when the flap was
located near the wing tralling edge and at high values of wing 1if{
coefficient (figs. C24 and C29). "

Application of Data {to Specific Airplane Design

The date presented herein have not been correlated to provide *
deslgn charts for full-span flap-elleron installations, as they are
intended primexily for illustrating the effects of full-span flaps on
various lateral-control devices. Design charts for conventlonal
allerons, such &s the plain ailerons of group A end the ailerons of
group C, have been presented in references 29 and 32 to 35, and it is
expected that full-span flaps would not prevent use of the charts in
alleron design except for alleron effectiveness wlth flap deflected.
When flaps are deflected, experimental data should be used.

Although no design cherts have been presented specifically for
spoiler~type controls, it is expected and unpublished. date indicate
that about the same relation exists for the effectiveness of spoller—
type controls as for conventional ailerons with respect to spanwlae
location of the control device. The values of aileron effectiveness
at various spanwise locations given in references 32 and 3% are
therefore considered to hold for spoiler allerons.

In order to find the rolling moment produced by & control, the
effective change in the angle of attack produced by a glven conbrol .
deflection (or projection for spoilers) must also be lmown. Conventional i
aileron design utilizes the aileron-effectiveness factor k (or
Do fAS) multiplied by the control deflection © to obtain the engle- ..
of—attack change, but spoiler design camnot employ this simple method n
becauge spoiler effectivensss is a camplex function of spoiler
projection and angle of attack. A chart of effective change in angle
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of attack Ax (or k8) produced by various spoiler projections
should therefore be utllized to obtaln Ac and provide the rolling
noment obtalnable with the glven control as shown in the following

Cy Cy
equetion = Lo, = Cy where 114,6 ™ equals the expression Cla/k

used in references 32 and 34, This procedure will ultimately glve the

b ¢

rolling effectiveness ‘pb/2V of the control by the relation % = C—z_°
1

P

The value of Czp employed ls the same as that for an alleron spanning
the same part of the wing as the spoller in question, since C'I.p is

expected to be the same for spoilers and aileroms, In order to obtain
the aforementioned values of Ao, (or k8) for a given spoiler-type
control, the spoller geametry, the chordwise location of the spoiler,
and the wing proflle must be considered as these all affect the values

of Aa.

With regaxd to spoiler~control stick forces, a mmber of general
facts are known and have been discussed about the hinge moments of
slot-1lip, flat-plate, plug-type, and retractable—arc—type spoilers and
the methods of balancing these control surfaces, Although no design
charts exist for balancing these controls, the avallable spoiler
data are considered falrly adequate for preliminary design and indicate
possible modifications to obtaln acceptable control forces.

Langley Memorial Aeronautical Laboratory
Netlonal Advisory Commlttee for Aeromautics
Langley Field, Va., September 22, 1947
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Table Z.-Supplementary Informofion Regardng Tests of Models and Airplanes Hoving Full-Span Flaps- Concluded.
C-Ailerans with Refractable - Type Flaps.
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Figure Al.~ Plan form and sections of the 3~ by 7~foot NACA 23012 airfoll tested with 4 slotted flap and

slot~-Np and plain ajlerons in the Langley 7~ by 10~-foot tuimel.
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Figure BS.- Plan form and section of the NACA 23013 airfoil with a retractable alleron and a full-span
slotted flap tested in the Langley 7- by 10-foot tunnel.
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Figure B18.- Plan form and section of the Clark Y wing tested with 0.50 b/2 retractable spoiler at various
chordwise locations and a 0.20¢ full-span split flap. Langley 7~ by 10-foot tunnel,
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Figure B25,- Plan form and sectlon of the Clark Y-15 semispan wing. Tested in the Langley T- by
10-foot tunnel.
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Figure B51.- Schematic diagram of model setup and details of the 0.37 b/2 plug-type aileron on a 4~ by 8-foot
semispan NACA 23012 wing with a 0.30¢ full-span Fowler {lap.
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Figure B53,- The 0.4-scale model of a tapered semispan wing with a plug-iype aileron and a full-span
~* flap tested in the Langley 7- by 10-foot tunnel.
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Tigure B62.— The 0.4-scale model of a tapered semispan wing with a plug-type afleron and & full-span flap
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Section AA

Dimensions given are for
the full- scale airplane .

&\
».
Flgure B70.- Plan form and section of the wing of an 0.08-scale airplane model tested with spofler and
conventjonal ailerons and an almost full-span flsp in the Ames 7- by 10-foot tunnal,
f,
-
S0 .
™ g 450 mph, flaps
3 T S d
¢ -+ 3 and gear up
< 7 SuNNE S 0 g S
S w0 I N ]
-& Lef f a/'/af on ’ ///
S , =N § o VL3 mph, Flaps
§ Right aleron +—"] § ‘ /4 and gaar down
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[ 2 COMMITTEE FOR AERONAUTICS b f - 1 : :
& 0 2 4 60 80 0 .
=60 -850 -40 -30 20 -0 O kS Paercent effective spoiker deflection .
Lef? spoifer deffection, deg -
Pigure B74,- Variation of helix angle with effective spoller deflection, rdder locked, « .,
Flgure B71.- Variation of alleron deflection with spoiler deflection caleulated forthe 0.98-acale #lrplane mudel, -

on the 0.09-scale airplane model.
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Figure B74.- Plan form of wing gé;‘a rsonal ff 1;1;& ! tested in Langley full-scele wind
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Figure B75.~ Sectional view of wing showing Zap flap in retracted and fuily deflected positions, vpper-surfaca -
aflerons, and the tralling-edge and gap modifications,
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Figure B84.- Plan form of semispan wing of modified Fairchild 22 airplane, tested in flight at Langley.

4
.S 0 7
N
Q
AN 8 v
NI
9 §
33 ¢ ’
N
$ 1
XY 2
N
S § V
Q\: 0 E " NATIONAL ADVISORY
N GOMMITTEE FOR AERONAUTICS
§2 — =
25 20 /5 10 65 0 5 /[0 _f5 20
Left Shck positorn , deg  Apht

Figure B86.- Differential motion of retractable ailerons on modified Fairchild 22 ajrplane.

XIX-4 TSPON

LTT

FO¥%T "ON NI VOVN




. =g
| % | g5
X 8/‘) 96 (dsf 2
S L @eg ~ eg.
X8 ° H5 o2 § N 1l 45 u|j
N ] | oA § s T T E
SR Gy RN 02 0
& 2 R
3 - )
s €8 o
§ 0 4 6 8B L0 12 /4 £ /8
Lift coeffrcient , ¢
N
X3 8¢ o -
N (eg) ot - & K
3y, 45 D10 X 4 deg) (mph)
NS & 1T o N Q |45 74
Y, TS o0 4 c
LR o e .§’ N - Apipcl |45 58
X Rg 2 it 1|
X N
3 SRy
. S
T =
NATIONAL ADVISORY NATIONAL ADVISORY 51‘ Vl
& COMMITTEE, FOR AERONAUTICS S 6 COMMITTEE. FOR AERONAUITICS 5 (deg) (nph)
30 ) v e i L
o 45 I8 4 . e
8 11— P e --¥"§ L ot10 69 (:;;
~ NI Q/ '§ R 2 - =
N7, il N
N T T 19T 1% §3 H
Q & a7f 40 mp b S 0 2 4 6 8 L 2 4,
B0 0 MO N 0 I MOV Fps R Aderon projection, percent wiy chord P 2
Arr speed : :
'_...l
Frovre BR7,~ Sariati e of P Wllh“l‘!rlpeld rﬂracuhl:ffuemns 7 u:lym dgelce !::mumm n one ¥ IVE:;:.‘.’:E‘]“Y; ;:Lm‘:rfxmn;fum romng-x::mhe: ct:;efﬂci:n';l;i m].maoet'ﬂuleu :tnlfl':dm: ﬂhmuzz- §




Mean wing chord, ¢ ,52°
Span of 1ul span split Flap, O.92 b
Mean Flap chord,./57¢

35 b2

I

b2 = 175

gt —

|

1
i )
I 1
: . - ! . S
L"‘—_—"—5.25 L"—"——"l NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

Figure B39.- Plan form of the pen wing of & type
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Figure B90.~ Front elevation and sections of the spoiler tested on the airplane.
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towre B103.- Flan form of the semispan wirg of an observalion-scout-tyre airplane flight res:ed

in England.
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Figura BIJ4.- Alleron, apoilar, and flap sections of the alrplace wing.
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Figure BI0R,~ Semispan wing of 2 modified cbearvation-scoul type airplane showing the aileron aod Zap flap

s tested In flight at Ames,
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Figure BI19,~ Semispan wing of a modified observation-scout type alrplane
showing the Zap flap and spoller aflerons as tested in flight at Ames.
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142 NACA TN No. 1404

Model C-II

o

N #/2230.00"
—% b = 6000"

Flgure 28.- The rectangilar 10~ by 60~inch NACA 28012 wing with & 0.10¢ by 1.00 b/2 plain atleron and
full-span 0.20c aplit flaps at 0.80c. Tested in the Langley 7- by 10-foot tunnel,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

/6667"

Figure C4.- The 5:1 tapered NACA 23012 wing with & 0.15¢ by 0 80 b/2 plain afleron and full-span 0.%0c split
fiaps at 0.85%¢. Tested in the Langley 7- by 10-fool tunnel,
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Fiyomo O Twisan wing of the r{-;-acﬂe model of 2 diva~bomber-type airpiant tasted with full-span
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duplex flaps in the NACA free-flight tunnel,
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Figure C33.~ Plan form and an aileron section of the wing of the 3 ;5 -scale model of a fighter-type airplane

tested with full-span duplex flaps in the Langley 19-foot pressure tunnel,
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Figure C38.- Typlcal section through the outboard flap and atleron on the wing of the model of a bomber-
type airplane.
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Figure C41.- Plan form of the semispan wing of a %—scale model of a mber-type tested

it the Langley 7- by 10-foot tunnel.
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Figure C42.~ Sections of the wing at the aileron section, showlng the afleron and the outboard flap in the
extended position.
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Flgure C44.~ Plan form of the -l--sclle model of the torpedo bomber-lype airplane tested in the Langley

8 7- by 10~foot tunnel.
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Figure C45,~ Alleron sections of the ;‘3-- acale model,
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Figure C47.- Plan form of the wing of a 1-type with fixed and ba]a.nced split

flaps as tested In flight at Langley.
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(b6/Flap parfially refracted.
Figure C48.- Sections of internally d aileron and split-flap astestedona

personal-type airplane,
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